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abstract 


A  method  of  studying  tolar  prominence  motion, 
wherain  tha  outline a  of  an  eruptive  prominence  are 
traoed  from  photographic  film  at  auooesaive  inter¬ 
vale  of  time  by  means  of  a  specially  designed  pro¬ 
jector,  is  described.  The  motion  of  the  prominenee 
in  the  x  and  y  directions  is  then  plotted  against  .the 
time  and  the  resulting  curves  ena lysed  by  means  of 
a  curve  fitting  procedure  due  to  Birge.  Results  in¬ 
dicate  that,  excepting  large  probable  error,  the  ac¬ 
celeration  of  the  prominence,  in  the  eruption  stage, 
is  very  nearly  constant  both  in  the  x  and  y  directions 
for  the  relatively  short  time  interval  during  which 
measurements  are  taken.  Main  source  of  error  is  found 
to  be  the  measurement  of  heights  above  the  chromo^ 
sphere,  due  to  non-uniform  centering  of  the  occulting 
disk  of  the  coronagraph  with  successive  exposures. 


INTRODUCTION 


When,  in  1931*  the  Frenoh  astronomer,  Bernard  lyot,  first  photo¬ 
graphed  the  solar  corona  without  the  aid  of  a  total  eclipse,  but  by  means 
of  his  newly  developed  eoronagraph,  it  was  apparent  that  astronomers  had 
at  last  been  given  the  Instrument  which  would  permit  extensive  research 
in  the  study  of  solar  prominences  and  other  interesting  features  which 
appeared  within  the  corona  itself.  Only  in  recent  years  have  some  of 
these  instruments  been  constructed  in  observatories  at  Climax,  Colorado} 
Pic  du  Nidi  in  the  Bareness)  Sacramento  Peak,  New  Mexico}  Arose,  Switzer¬ 
land}  Wendelstein,  Bavaria}  Kanselhche,  Austria}  Mt.  Norikura,  Japan  and 
a  Russian  station  somewhere  in  the  Caucasus. 

Observational  data  concerning  the  solar  corona,  which  has  been  sup¬ 
plied  by  these  observatories,  consist  primarily  of  motion  pictures  of  pro¬ 
minence  activity.  Perhaps  more  than  50,000  feet  of  film  have  been  exposed 
at  these  various  stations,  with  more  than  20,000  feet  from  Climax  alone. 

To  date,  analysis  of  these  films  has  consisted  primarily  of  tracing 
the  motion  of  well  defined  "knots"  and  "streamers".  The  method  has  been 
quite  successful  but  has,  nevertheless,  had  many  shortcomings.  One  parti¬ 
cular  difficulty  is  that  usually  rather  few  "well  defined"  knots  or 
streamers  oan  be  found  which  remain  sharp  and  clear  for  an  appreciable 
period  of  time.  The  disappearance  and  reappearance  of  prominence  features 
is  a  familiar  phenomenon,^-  although  it  usually  occvrs  most  noticeably  in 

1.  Dodson  and  Me  Math,  1948  (11),  have  given  evidence  of  a  filament  which” 
disappeared  and  then  reappeared,  ethers  have  claimed  to  have  witnessed 
the  same  phenomenon. 
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th*  cab*  of  delicate  streamers  and  knot*  which  ar*  quit*  tenuous  to  be¬ 
gin  with. 

The  acquit ltlon,  by  th*  Cllmex  Obeervatory,  of  a  projector  which 
permit?  highly  magnified  and  dletortion-free  picture*  to  be  focused  on 
graph  paper  with  fine  resolution*  has  suggested  a  new  mode  of  study  of 
th*  promineno*  motion.  This  new  method  is  concerned  with  tracing  th* 
general  outline  or  envelope  of  th*  prominence  or  certain  prominence  fea¬ 
tures*  at  successive  intervals  of  time  (usually  equally  spaced ),  and  then 
proceeding  to  extract  information  from  these  curves.  Th*  idea  is  based 
on  th*  supposition  thet  th*  succeeding  envelopes  of  the  prominence  mo¬ 
tion  should  tend  to  become  aligned  with  the  equipotential  surfaces  of 
the  force  field)  and  that  motion  outward  orthogonal  to  the  envelope 
should  indeed  be  along  the  lines  of  force.  It  is  apparent  then  that, 
should  this  situation  ba  realized,  it  is  only  ft  matter  of  measurement 
to  obtain  information  on  the  force  field. 

This  investigation  proposes  to  examine  one  solar  prominence  by  this 
method,  and  to  give  not  only  ap  much  information  about  the  forces  and 
velocities  as  is  measurable,  but  also  to  serve  as  a  general  critique  of 
th*  method,  specifying  quantitatively,  whenever  possible,  the  general 
accuracy  of  the  method  and  attempting  to  point  out  its  shortcomings. 

As  might  be  expected,  the  envelopes  traced  (see  figure  6)  are  rough 
and  full  of  humps  ae  the  prominence  itself  appears)  and  hence  it  would 
seem  that  they  are  certainly  not  equipotential  surfaces.  Obviously, 
then,  there  is  a  large  element  of  human  judgment  in  assigning  the 
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directions  of  the  lints  of  forco.  In  this  particular  investigation, 
the  measurements  art  confined  to  two  areas,  one  in  which  the  motion  was 
entirely  vertioal  and  the  other  ir.  which  the  motion  was  transverse. 


DESCRIPTION  OF  THE  PROMINENCE 


The  solar  promlnencs  with  which  this  investigation  is  concerned 
appeared  over  the  southeastern  limb  of  the  sun  on  September  8,  1948. 

It  was  of  ths  eruptive  type,  and  was  photographed  with  the  coronagraph 
of  the  High  Altitude  Observatory  of  Harvard  University  and  the  Univer¬ 
sity  of  Colorado  at  Climax,  Colorado  from  16 t29  to  20<23  U.T.  on 
September  8,  1948,  at  the  rate  of  one  picture  per  half  minute.  The 
measurements  and  data  presented  herein  are  concerned  chiefly  with  the 
period  17^45.5®  to  18^15®,  a  relatively  brief  episode  in  the  life  of 
the  prominence,  during  which  virtually  the  entire  eruptive  motion  took 
place.  The  northern-most  and  southern-most  extremities  of  the  arch  lay 
at  approximately  -23°  and  -44.5°  heliographic  latitude,  respectively, 
and  at  approximately  330°  heliograph  longitude.  A  large  bipolar  sun¬ 
spot  (Mt,  Wileon  No.  9395)  lay  1°  south  and  roughly  10°  west  of  t  a 

northern  extremity.  This  was  a  relatively  short-lived  spot,  since  it 

2 

was  first  seen  September  8  and  was  classified  ljJd  at  that  time. 

A  large  bipolar  group  (Mt.  Wilson  No.  9400),  classified  l^pl,  was 


2.  Sunspots  are  classified  as  follows: 

I*  *  bipolar  members)  approximately  equal  in  size, 
ep  s  bipolar  members;  preceding  member  dominant. 
pf  s  bipolar  members;  following  member  dominant. 

1  «  composite  spots. 

composite  spots  with  leading  members  bipolar. 

1  -  living. 

d  =  dead  or  dying;  i.o.,  l(9d  =  living  when  first  seen;  dead  or 
dying  when  last  seen  .  .  . 

Seei  Meneel,  Donald  H.,  OUR  SUN,  Blakiston's  Eons  and  Company, 
Philadelphia,  1949. 


Fifura  1.  The  prominence  as  it  appeared  when  fi^st  observed  (16*130n  U.T. ). 
Rapid  upward  motion  or  eruption  has  already  commenced.  The  sunspots  are 
at  the  extreme  northern  (left,)  end  of  the  arch.  At  this  time,  matter 
seemed  to  be  movlr.r  in  that  direction. 
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■ituftted  vary  naar  tha  northern  tip  of  the  arch,  being  roughly  3°  couth 
of  it.  The  prominence,  aa  it  appeared  when  first  seen,  is  pictured  in 
figure  1.  At  this  time  (16^30®),  it  was  already  in  the  process  of  slow 
expansion  with  acceleration.  By  17h40®,  it  had  formed  into  a  character¬ 
istic  arch  (figure  2)  in  which  material  was  streaming  into  the  photo¬ 
sphere  along  both  ends.  The  prominence  continued  to  rise  and  expand  with 
increasing  velocity,  meanwhile  developing  into  a  well-defined  loop  as  is 
illustrated  in  figures  3  and  4,  and  reaching  a  height  of  400,000  kilo¬ 
meters  (figure  4)»  At  which  time  its  upward  velocity  was  in  excess  of 
250  kms/sec.  Thereafter,  its  upper  portions  became  diffuse  and  disap¬ 
peared  from  view.  Hatter  continued  to  descend  along  the  arches,  parti¬ 
cularly  the  southern-moat,  the  northern  arch  having  virtually  disappeared 
by  this  time)  so  that  by  1^00®  there  remained  only  two  bright  mounds  of 
material  at  the  extremities  (figure  5). 

The  apparent^  motion  of  material  along  the  arches  very  strongly  sug¬ 
gests  that  the  extremities  were  indeed  strong  centers  of  attraction. 

This  was  true  particularly  of  the  southern-most,  though  there  were  no 
sunspots  known  to  be  near  that  end.  Or.  the  contrary,  a  very  large  spot 
concentration  was  found  near  the  northern  extreme  of  the  arch  where  mat¬ 
ter  visibly  streaming  downward  was  barely  perceptible  and  fading.  Now, 

3.  The  word  "apparent"  is  employed  here  to  describe  the  motion  because 
there  has  been  no  little  conjecture  as  to  whether  material  ir  actually 
moving  or  whether  the  effect  is  merely  the  result  of  moving  excitation 
fields  or  some  such  phenomena.  For  example,  consider  the  motion  of  a 
beam  of  light  along  a  mass  of  clouds.  Dodson  and  Weston  (1950)  have 
found  significant  evidence  in  favrr  of  *h*>  hypothesis  of  moving  material. 


Figur*  2,  The  prominence  at  17h40n  U.T.  The  region  between  the  parallel 
lines  is  the  region  in  which  the  motion  pf  the  envelope  is  measured  end 
plotted  (see  figures  7  to  14).  At  this  time  matter  appears  to  be  stream¬ 
ing  downward  along  the  arches. 


Figure  3.  The  prominence  at  lRhCC)m  U.T.  Note  the  gradual  formation 
of  the  looplike  arch. 
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streaming  into  the  sun  along  this  arch,  thara  might  vary  wall  have 
baan  larga  quantities  of  aattar  whi^h  was  simply  invislbla.  Tha  pro- 
minancaa  ara  known  to  ba  composad  almost  antiraly  of  hydrogan  and  to  ba 
visible  dua  to  tha  fact  that  tha  gas  is  radiating.  Soma  obsarvars 
(among  than,  Dodson  and  MeMath,  1948  -  saa  footnote  no.  1)  hava  glvan 
avidanca  for  promlnanoa  features  whioh  ara  at  time a  visible  and  at 
other  times  not.  Tha  assumption  that  somr  matter  in  the  prominence  is 
invisible  at  times  is  a  generally  accepted  one. 


Figure  4.  The  prominence  at  U.T.  Unfortunately,  reproduction  of 

the  photographs  has  caused  the  loaa  of  much  detail,  Cn  the  original  film, 
the  southern  (right)  branch  of  the  arch  iu  very  nearly  intact  although 
quite  ter.uoue.  Material  haa  been  rapidly  dispersing.  The  vertical  velo¬ 
city  at  this  time  in  approximately  25C  kms/see. 


; 


Flimra  5.  The  prominence  at  19*00*  U.  T.  The  material  visible  at  the 
STS  fipure  Aaa  risen  out  of  the  scope  of  the  camera.  The  two  mound 
of material  shown  here  remained  this  way  for  more  than  an  hour. 
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PLOTTING  THE  PROMINENCE  MOTION 

With  the  aid  of  tha  specially  designed  projector*  selected  frames 
from  the  film*  chosen  at  equal  intervals  of  time*  have  been  traced  on 
graph  paper  (figure  6).  The  pictures  are  "blown  up"  to  a  scale  of  1  mm. 
to  1,39  x  1(P  kas,*  which  corresponds  to  a  solar  radius  of  50  oas.  on 
the  graph  paper.  In  the  rectangular  system  of  coordinates*  here  em¬ 
ployed*  the  origin  is  located  on  the  solar  limb  at  -37°  heliogrephic 
latitude  with  the  x-axls  tangent  to  the  limb  at  that  point.  We  thus 
have  a  graph*  scaled  in  distance  and  time,  from  which  we  can  obtain  mea¬ 
surements  to  study  the  motion  of  the  prominence  and  the  forces  producing 
this  motion.  Vo  shall  not  enter  into  any  speculation  as  to  the  type  of 
force  field  or  fields  involved,  but  shall  attempt  quantitative  measure¬ 
ments. 

Consider*  for  example*  figure  7  and  imagine  a  smooth  curve  drawn 
through  the  points  so  that  for  any  instant  of  time  t*  the  corresponding 
ordinate  on  the  curve  gives  the  y  position  (height)  of  the  point  on  the 
envelope  of  the  prominence  whose  x  position  is  zero  (in  this  particular 
case).  In  other  words*  the  equation  of  the  curve*  call  it  y  (t)*  des¬ 
cribes  the  motion  of  e  point  on  the  envelope  cf  the  prominence  which  has 
always  the  abscissa  x  *  0.  The  "best  fit"  curve  through  these  points 
was  obtained  by  the  orthogonal  polynomial  least  squares  method  of  curve 
fitting  aa  adapted  by  Birge^  and  Weinberg  (4).  The  result  was  the 


4.  For  the  sake  of  brevity*  throughout  the  remainder  of  this  paper  the 
method  shall  be  referred  to  as  the  Birge  method , 
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Coordinate  x  in  millimeter* 

Figure  0,  Shoving  the  lover  envelcper  of  the  prominence  as  they  were 
traced.  The  region  ahovn  in  that  lyi*r  between  the  parallel  liner  of 
figures  3  and  4.  Time  between  eny  two  curves  ia  one  minute. 


Tine  (minutes) 


Figure  8.  The  smooth  curve  is  a  Dortion  of  the  parabola  y  =  5.CC  x  10^  + 
3.89  x  lC^t  +  182t*  (tans  and  mins)  vhich  vas  obtained  by  applying  the  least 
squares  curve  fitting  method  of  Birge.  It  is  superimposed  on  the  plot  of 
the  vertical  height  vs.  the  tine  for  x  =  0,  i.e.  the  curve  of  figure  7. 


Preceding  Page  Blank 
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paper  and  this  error  Is  coupled  with  the  impoasibility  of  reeding  a 
coordinate  on  the  graph  paper  closer  than  approximately  ±  .2  mm.  Thus, 
we  see  that  the  intrinsic  uncertainty  involved  in  determining  the  posi¬ 
tion  of  a  feature  in  the  prominence  at  successive  intervals  of  time1  is 
of  such  magnitude  a e  to  preclude  a  more  precise  formulation  of  the  equa¬ 
tion  of  the  curve. 

Returning  to  the  curves  of  figure  6,  ve  note  that,  though  the  dis¬ 
tance  betveen  them  is  erratic  and  non-unifomly  increasing,  they  still 
exhibit  a  narked  parallelism.  Mow,  it  is  precisely  this  deviation  from 
e  uniform  increase  that  gives  rise  to  tae  humps  in  the  curves  plotted 
in  figures  8  to  13.  Concerning  this  situation,  one  might  argue  in  the 
following  fashion. 

At  any  one  value  of  x  in  the  region,  the  y  component  of  the  force 
field  might  very  veil  fluctuate  in  such  a  manner  that  the  curve  y  =  y  (t) 
for  that  value  of  x  would  be  humped  or  in  general  be  quite  different 
from  a  parabola.  Is  it  reasonable,  then,  to  assume  that  tha  force  field 
should  fluctuate  in  precisely  the  same  manner  throughout  the  region  of  x 
concerned  so  as  to  produce  precisely  similar  humps  in  ell  the  y  =  y(t) 
curves*  that  is,  so  that  all  the  envelopes  of  the  prominence  In  that  re¬ 
gion  are  markedly  parallel  .  .  .  ?  If  so,  one  would  be  forced  to  admit 
that  the  force  field  throughout  the  region  ir  question  must  not  depend 
on  phenomena  occurring  in  that  region*  but,  on  the  contrary,  must  be  re¬ 
ferred  to  some  single  source,  fy  way  of  hypothetical  analogy,  consider 
the  field  due  to  a  variable  point  charge.  Were  we  to  plot  the  motion  of 
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severel  particles  moving  in  this  field*  starting  sLaulteneously  at 
approximately  equal  distances  from  the  particle  and  journeying  along 
different  radii*  we  would  find  the  curves  to  each  have  the  same  humps 
and  dips.  Mow*  the  hypothesis  of  force  fields  generated  through  the 
interaotion  of  the  particles  of  the  prominence*  due  to  their  motion* 
that  is*  of  force  fields  depending  on  phenomena  occurring  within  the 
prominence  itself*  is  receiving  considerable  attention  today.  In 
feet*  some  writers*  notably  H.  Alfvin  (1)*  ha vs  gone  so  far  as  to  ex¬ 
plain  certain  phase*  of  prominence  motion  on  this  hypothesis.  Zf* 
then*  we  must  escape  the  conclusion  that  the  force  field  has  e  single 
source*  how  are  we  to  explain  the  parallelism  displayed  by  the  promi¬ 
nentia  envelopes?  The  solution  becomes  apparent  at  once  when  we  con¬ 
sider  the  traoing  process  Itself, 

In  each  photograph  comprising  the  film  there  is  a  variation  in 
the  thickness  of  the  coronal  ring  appearing  around  the  occulting  disk 
of  the  coronagraph.  This  variation  results  from  the  positioning  of  the 
occulting  disk  in  the  photography  itself.  The  ring  is  the  reference 
point  by  which  the  previously  mentioned  projector  is  centered  with  re¬ 
spect  to  the  coordinate  axis  prior  to  the  tracing  of  each  subsequent 
picture.  Since  the  variation  in  tha  thickness  of  the  coronal  ring  pro¬ 
duces  a  corresponding  varying  brightness  of  the  solar  limb  and  since 
the  limb  la  not  clearly  sharp*  but  somewhat  diffuse*  an  unavoidable* 
undatermined  error  ia  present  with  each  centering  of  the  projector.  We 
aaki  is  thin  error*  coupled  with  the  error  involved  in  tracing  the 


similarly  diffuse  envelop*  of  the  prominence,  of  the  seme  order  of  magni¬ 
tude  as  the  variation  in  the  aeperetiona  of  the  envelopes  of  figure  6? 

It  is,  of  course,  impossible  to  ascertain  precisely  the  magnitude  of  the 
errors  involved)  but  after  due  examination,  it  was  decided  to  ascribe  a 
value  of  -  1  mm*  to  the  uncertainty  of  reading  a  y  coordinate  on  the 
graph. ^  This  estimate  includes  the  error  associated  with  tracing  and 
with  subsequent  measurement  from  the  graph  (due  to  the  thickness  of  the 
pencil  lines)  and  is  felt  to  be  conservative.  We  note  carefully  that 
this  evidences  only  the  shortcoming  of  the  graphing  procedure,  and  does 
not  permit  us  to  conclude  anything  about  the  force  field.  We  have  found, 
then,  that  from  two  considerations,  one  statistical  (the  Birge  polyno¬ 
mials)  and  one  physical  (the  last  paragraph),  that  we  can  at  best  give  a 
constant  as  a  value  for  the  force  field  by  using  this  method. 


6. 1  mm.  on  the  graph  corresponds  to  1.39  x  1CP  km a,  on  the  sun. 
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Figure  9.  Illustrating  the  fit  of  the  curve  y  =  48  x  leP  ♦  3.62  x  lePt 
♦  129t2  to  the  observed  points  plotted  from  a  measure  of  the  height  (y) 
vs.  the  time  along  the  ordinate  x  =  -20  for  the  lower  envelope  of  the 
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Figure  10.  Illustrating  the  fit  of  the  curve  y  =  5.8  x  10^  +  3.75  x  lC^t 
♦  167  t^  to  the  observed  points  plotted  from  a  measure  of  the  height  (y) 
ve.  the  time  along  the  ordinate  x  *  40  for  the  lower  envelope  of  the  pro¬ 
minence. 
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Figure  11.  Illustrating  the  fit  of  the  curve  y  =  5.00  x  lO'*  ♦  4.1  x 
10H  ♦  190t2  to  the  observed  points  plotted  from  a  measure  of  the  height 
(y)  vs,  the  time  along  the  ordinate  x  *  20  for  the  lower  envelope  of  the 
prominence. 
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Fijjur©  12.  Illustrating  the  fit  of  the  ourv©  y  =  1.31  x  10$  ♦  3.75  x 
103t  ♦  188t^  to  th«  observed  point#  plotted  from  a  measure  of  tha  height 
(y)  va,  th©  tin*  ©long  th©  ordinat©  x  =  -2C  for  th©  upp*r  envelop©  of 
tha  prominence. 


Time  (minutes) 


Figure  13.  Illustrating  the  fit  of  the  curve  y  =  1.24  x  10^  ♦  4. 31  x 
lCHt  ♦  183 to  +he  observed  points  plotted  from  a  measure  of  the  height 
(y)  ve.  the  time  along  the  ordinate  x  =  -30  for  the  upper  envelope  of 
the  prominence. 
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Tables  1  through  VIII  contain  the  data  measured  In  the  region  de¬ 
picted  in  figure  6.  The  tolerances  for  the  accelerations  are  given  as 
calculated  by  the  Birge  method.  The  velocities  given  were  measured 
graphically  from  curves  such  as  figures  8,  9,  etc.)  and  the  tolerances 
listed  with  them  are  estimated  values.  The  graphically  obtained  velo¬ 
cities  are  given  since  they  describe  the  curve  itself  and  may,  as  such, 
be  more  descriptive  of  the  actual  motion  than  those  uniformly  increas¬ 
ing  velocities  given  by  the  Birge  parabolas,  which  the  reader  can 
readily  calculate  if  he  so  desires,  using  the  initial  position,  initial 
velocity  end  the  acceleration.  Tables  XIV  through  XVII  list  the  values 
calculated  for  the  upper  envelopes  of  the  prominence  in  the  same  x  re¬ 
gion  as  those  of  figure  6)  and  Tables  DC  through  XIII  contain  the  val¬ 
ues  calculated  for  the  upper  envelope  describing  the  motion  in  the  x 
direction  in  the  region  y  *  40  x  lCp  to  80  x  lCp  kms,  that  is,  the  out¬ 
ward  notion  of  the  large  3outhern-mo3t  column.  See  figures  3  and  4. 

The  values  of  x  are  given  here  as  the,\  were  measured  in  millimeters 
on  the  graph  paper,  i.e.,  1  ran,  =  1.39  x  10^  kms.  The  heliographic  lo¬ 
cation  for  any  value  of  x  car.  be  found  from  figure  (.,  where  the  solar 
disk  is  marked  in  degrees  of  latitude. 
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Table  X,  Poaitiona,  velocitiea  and  acceleration  for  the  lover  envelope  of 
the  aroh  at  me a cured  along  the  ordinate  x  *  -20. 


Time 

1948 

Sep.  8 

h  m  U.T, 

(y  t  1.4)  x  103  kma 

(Vy  t  .33)  x  103  kmn/ain 

Vv 

17  45.5 

49.7 

3.85 

47.5 

57.4 

4.69 

49.5 

67.7 

5.62 

51.5 

78.4 

6.36 

53.5 

93.8 

7.30 

55.5 

113. 

7.72 

57.5 

123. 

7.99 

59.5 

144. 

8.55 

18  01.5 

161. 

9.25 

03.5 

178. 

9.74 

05.5 

199. 

10.3 

07.5 

220. 

10.92 

09.5 

242. 

11.55 

_ iixi-- 

266. 

1^07 

■ 


Acceleration  =  258  t  110  tars/mir^ 
*.072  i.030  kma/aec2 
Solar  previty  *  .267  kms/sec^ 
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55.5 

107. 

57.5 

119. 

59.5 

139. 

01.5 

157. 

03.5 

174. 

05.5 

193. 

07.5 

220. 

09.5 

243. 

21*2 _ 

_ 

7.72 

8.28 

8.76 

9.24 

9.94 

10.7 

11.55 

12.51 


Acceleration  -  334  -  110  kns/min^ 
=.093  1  .03t  uma/eec^ 
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Table  III,  Foaltiona,  velocities  and  acceleration  for  tha  lower  envelope 
of  tha  arch  aa  maaarurad  along  tha  ordlnata  x  *  0, 


Twee 

1948 

Sap.  8 

(y  t  1,4)  x  lCp  kaa 

(Vy  t  .33)  X  103  Wain 

h  .  m  U.T. 

7 

_  vr 

17  45.5 

51.4 

3.89 

47.5 

58.4 

4.61 

49.5 

66.7 

5.34 

51.5 

76.5 

6.06 

53.5 

96.0 

6.79 

55.5 

110. 

7.51 

57.5 

122. 

8.23 

59.5 

143. 

8.96 

IS  01.5 

158. 

9.68 

03.5 

179. 

11.13 

Of. 5 

200. 

11.85 

07.5 

222. 

12.57 

09.5 

245. 

13.30 

11.5 

277. 

14.02 

Acceleration  * 

■“a 

362  *  117  koa/rain2 

101  i.033  kma/sec2 
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Tablo  17,  ftoaitlasa,  valocitiaa  and  acoalaration  for  the  lowtr  any* lop* 
of  tha  arch  aa  aaaaurad  alon*  the  ordlnata  x  *  1C, 


Tina 

1948 

flap,  8 

h  n  U.T. 

(j  A  1,4)  z  10?  ]OM 

7 

(Vy  t  ,33)  X  10?  kaa/nin 

v* 

17  45.5 

54.0 

3.85 

47.5 

60.0 

4.68 

49.5 

68.0 

5.62 

51.5 

82.0 

6.26 

53.5 

99.0 

6.95 

55.5 

119. 

7.44 

57.5 

130. 

7.99 

59.5 

148. 

8.89 

18  01.5 

164* 

9.52 

03.5 

182. 

10.28 

05.5 

202. 

11.11 

07.5 

230. 

12.05 

09.5 

255. 

13.07 

_ liii _ 

280* _ 

14.25 

Aocalaratlon  *  380  1  120  kma/mln^ 
■,105  A. 032  kma/aac* 
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Table  V.  Positions,  velocities  and  acceleration  for  the  lower  envelope  of 
the  areh  as  measured  along  the  ordinate  x  ■  20. 


Tlae 

1948 

8ep.  8 

h  a  0.T, 

(j  t  1.4)  x  103  kme 

7 

(Vy-i  .33)  x  103  Wain 

Vv 

17  45.5 

50.5 

4.85 

47.5 

59.5 

5.46 

49.5 

72.0 

6.04 

51.5 

83.5 

6.59 

53.5 

98.5 

7.16 

55.5 

117. 

7.71 

57.5 

132, 

8.28 

59.5 

152, 

9.38 

18  01,5 

168. 

9.94 

03.5 

185. 

10.70 

05.5 

206. 

11.55 

07.5 

23C. 

12.02 

09.5 

256. 

12.50 

_ 11*5 _ 

_ 

Acceleration  *  380  1  120  kas/ain2 
*.,105  i.032  kme/eec2 
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Table  V2.  Bctitione,  velocities  and  Acceleration  for  the  lover  envelope  of 
the  arch  at  Matured  along  the  ordinate  *  *  30. 


Tim 

Sop.  8 

(y  t  1.4)  x  103  kae 

(Vy  1  .33)  *  103  kse/min 

h  ■  0,1. 

y 

vy 

17  45.5 

58.8 

3.54 

47.5 

44.3 

4.35 

49.5  _ 

72.8 

5.24  . 

51.5 

85.4 

6.26 

53.5 

102. 

7.16 

55.5 

121. 

7.85 

57.5 

135. 

8.55 

59.5 

152* 

•  9.24 

18  01.5 

169. 

9.94 

03.5 

187. 

10.92 

05.5 

207. 

12.05 

07.5 

234- 

12.50 

09.5 

260. 

13.07 

_  11.5 

...  285. 

13.63 

Acceleration  * 

365  t  117  kne/min* 

,10.'  i.031  kmt/eeo* 

Tabic  VII.  Position*,  v« loci ties  and  acceleration  for  the  lover  envelope 
of  the  arch  aa  aeaenred  along  the  ordinate  x  *  40. 


Hoc 

1948 

Sep.  8 

h  m  u.T. 

(y  t  1.4)  x  103  kaa 

y 

(Vy  1  .33)  x  103  kae/mln 

Vv 

17  45.5 

57.8 

4.17 

47.5 

66.4 

4.85 

49.5 

76.3 

5.62 

51.5 

86.1 

6.48 

53.5 

94.5 

7.44 

55.5 

113. 

8.13 

57.5 

131. 

8.89 

59.5 

146. 

9.38 

18  01.5 

166. 

9.94 

03.5 

179. 

10.50 

05.5 

200. 

11.11 

07.5 

223. 

11.75 

09.5 

249. 

12.50 

UtS 

273. 

13.07 

Acceleration 

*  334  1  112  kaa/nln2 
*.093  1.031  Weee2 

T*bl*  Till.  Positions,  rslooitiss  and  sccslsrstion  for  th*  lovsr  snvolop* 
of  ths  or  oh  os  Miiond  along  ths  ordinsts  x  *  50. 


1948 

flop.  8 

(y  *  1.4)  x  leP  bis 

(7y  t  .33)  x  103  kas/aln 

h  a  D.T. 

7 

v,. 

17  45.5 

67.2 

4.51 

47.5 

74.2 

5.24 

49.5 

81.2 

6.04 

51.5 

95.2 

6.59 

53.5 

106. 

7.16 

55.5 

127. 

7.58 

57.5 

139. 

7.99 

59.5 

158. 

8.40 

18  91.5 

173. 

8.89 

03.5 

191. 

9.52 

05.5 

211. 

10.28 

O’.  5 

234. 

11.11 

09.5 

259. 

12.05 

11.5 

283. 

13.63  .  _  .  .  _ 

leeslsration  * 

314  1  110  kas/ain2 
,087  1.030  kas/ssc2 
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Tabla  H.  Foaltiona,  valocltiaa  and  acealaration  for  tba  uppar  anvalopa  of 
tha  arch  ai  aaacurad  along  tha  abaoiaaa  y  *  40. 


fiaa 

1948 
lap.  8 

h  m  O.T, 

(x  *  1.4)  x  103  kna 

X 

(Vx  1  .17)  x  10?  kaa/min 

vx 

17  45.5 

33.7 

1.47 

47.5 

36.8 

1.77 

49.5 

39.6 

2.09 

51.5 

43.1 

2.22 

53.5 

47.3 

2.35 

55.5 

52.1 

2.58 

57.5 

58.1 

2.81 

59.5 

65.3 

3.02 

18  01.5 

74.4 

3.24 

03.5 

78.5 

3.42 

05.5 

85.5 

3.58 

07.5 

91.7 

3.79 

09.5 

98.7 

4.00 

11.5 

108. 

4.27 

13.5 

118. 

4.63 

_ ia*i_ 

_ 

_ 4x22 _ 

Aooalaratlor.  *a  105  -  32  kaa/min2 
■.029  1.009  kna/aac2 
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Tablo  X.  Fbiitiona,  volocitioa  And  acooloration  for  tho  uppor  owrolopo  of 
tho  arch  aa  aoaaurtd  alone  tho  abioiasa  y  *  50. 


1948 
flop.  8 

h  *  U.T. 

(x  t  i,4)  x  103  lots 

X 

(Vx  1  .17)  x  1CP  kaa/ain 

yx  - 

17  45.5 

29.4 

1.69 

47.5 

35.0 

1.97 

49.5 

39.2 

2.26 

51.5 

43.4 

2.53 

53.5 

49.0 

2.81 

55.5 

52.5 

2.92 

57.5 

58.8 

3.02 

59.5 

65.8 

3.24 

18  01.5 

74.2 

3.48 

03.5 

79.8 

3.65 

05.5 

86.8 

3.86 

07.5 

92.4 

4.07 

09.5 

102. 

4.27 

11.5 

112. 

4.70 

13.5 

122. 

5.15 

_ _ 

_A2L _ 

— _ 

4 


Acooloration  *  101  t  29  faia/min2 
-.028  1.006  Wmo2 


•38- 


T»blo  XI.  Rooltioni,  volocitloi  ond  ocooloratien  for  tho  uppor  onvolopo 
of  tho  or  oh  oo  aooourod  along  tho  abaolaaa  j  =  60. 


1948 

Sop  .  8 

h  n  u.T. 

(x  1  1.4)  x  103  kmc 

X 

(Yjj  i  .17)  x  103  kaa/mln 

vx 

1?  45.5 

18.2 

2.53 

47.5 

25.2 

2.72 

49.5 

32.2 

2.92 

51.5 

35.0 

2.97 

53.5 

42.0 

3.02 

55.5 

47.6 

3.13 

57.5 

54.6 

3.24 

59.5 

60.2 

3.48 

18  01.5 

70.0 

3.72 

03.5 

77.0 

4.00 

05.5 

84.0 

4.27 

07.5 

91.0 

4.63 

09.5 

102. 

4.97 

11.5 

112. 

5.15 

13.5 

123. 

5.36 

— 

-JQh _ 

.,-kgg _ 

Accaloration  *  103  t  26  kni/min^ 
*.029  -.007  kaa/ooc* 


Aoc»l*r»tion  ■  111  £  29  ka«/ttin2 
*.031  -.008  kaa/aeo2 


TabloXIIl  Ibsltlon«y  roloeltlas  and  acoolorfttion  for  tha  uppar  anralopa 
of  tho  aroh  to  aaaaurod  alone  tho  abieiaaa  7  *  80. 


(a  t  1.4)  x  1<P  kaa  (Vx  t  .17)  x  103  kna/aln 
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Teble  XIV.  Positional  velocities  and  aeealaration  for  the  upper  envelope 

nSTfiep  8  1^48  (7 i  i.4)x  1^  teas  (Vv  t  .33)  x^J^Ena^Si" 

h  *  O.T.  7 


V 

_3L 


17  45.5 

119 

3.86 

47.5 

128 

4.52 

49.5 

139 

5.36 

51.5 

155 

6.02 

53.5 

164 

6.82 

55.5 

182 

7.82. 

57.5 

203 

9.05 

MK£9EHI 

Acceleration  * 

397  S  61  kms/min*  « 

.110  i  .017  kma/sec* 

Table  XV.  Positional  velocities  and  acceleration  for  the  upper  envelope 

Timet  Sep  8  1948  (y  -  1.4)  x  103  kns  (Vy  1  ,33)  x  103  kms/min 

h  m  u.T.  y  % 

17  45.5 

117 

3.36 

47.5 

130 

4.00 

49.5 

148 

4.77 

51,5 

160 

5.36 

53.5 

168 

6.02 

55.5 

183 

6.82 

57.5 

202 

7.82 

59.5 

217 

8.60 

Acceleration  ■ 

357  t  54  kms/min*  ■ 

099  A  .015  kBs/see* 
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Table  XVI.  Boeitloae,  velocit.ie  j  and  acceleration  for  the  upper  envelop* 


«  .33)  x  10 i  kna/ain 


11a*]  8*p.  8  1948  (7  t  1.4)  x  1(V  kae 
fa  a  0.T.  y 


Tefal*  XVII.  Poeitlone,  velocities  and  acc*l*ratlon  for  the  upper  envelop* 


*1  M-Un-  LXj‘ » u  I* «-V‘) *1  mr  'I  f  5 U-l£  J 


Tloet  Sep  8  1948 
fa  a  0.T, 

(y  1  1,4)  x  103  kae 

y 

<v,i 

Vv 

17  45.5 

126 

4.31 

47.5 

134 

5.04 

49.5 

144 

5.79 

51.5 

158 

t.50 

53.5 

169 

7.23 

55.5 

188 

7.97 

57,5 

206 

8.70 

- 22*2 - 442 - - - - — 

Acceleration  =  366  -  70  kma/min*  *. 105  a  .020  kme/eec* 
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CONCLUSION 

V#  have  aoon  that  the  maasuramants  obtaintd  by  plotting  the  motion 
of  the  prominence  envelope*  and  analyzing  these  fay  means  of  a  least 
squares  method  of  curve  fitting  has  predicted  that  the  force  field  under 
which  the  prominence  was  expanding  was  a  constant  one,  at  least  in  so 
far  as  the  material  is  moving  upward  with  a  constant  vertical  component 
of  acceleration.  Obviously,  the  acceleration  can  not  be  constant)  for, 
if  it  were,  the  material  of  the  prominence  would  continue  to  rise  and 
recede  to  infinity.  Remembering  the  relatively  short  time  interval  dur¬ 
ing  which  measurements  were  made,  it  seems  natural  to  conclude  that  the 
acceleration  was  actually  changing  slowly,  but  that  the  total  change 
which  had  occurred  during  the  period  of  measurement  was  too  small  to  be 
detected  fay  our  method  with  its  relatively  large  experimental  error. 
Furthermore,  the  acceleration  measured  in  the  central  region  of  the  pro¬ 
minence,  i.e.,  that  between  the  parallel  line.-  of  figures  2  and  3  ia  on¬ 
ly  the  vertical  component}  while  study  of  the  motion  picture  film  sug¬ 
gests  strongly  that  material  is  actually  streaming  downward  along  the 
arches,  and  it  seems  largely  for  this  reason  that  the  arch  has  been  so 
greatly  disp>r.;nd  by  18^l5m  (figure  4). 

The  critical  velocity  of  e-capo  of  a  body  leaving  the  urface  of  the 
sun,  and  thereafter  being  subject  only  to  gravitation,  ir.  L  ]  t  kme/sec. 
This  value,  however,  applies  on ?/  when  the  body  ia  not  influenced  by  any 
forces  other  than  gravity,  following  its  instant  of  departure.  For  bo¬ 
dies  which  have  been  supported  far  above  the  chromosphere,  by  some  means, 
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the  value  of  the  critical  escape  velocity,  of  course,  falls  off  inversely 
as  the  square  root  of  the  distance  from  the  center  of  the  sun.  However, 
a  simple  calculation  readily  indicates  that  the  body  must  be  several  hun¬ 
dred  thousand  kilometers  above  the  chromosphere  before  there  is  an  appre¬ 
ciable  change  in  the  value  of  the  critical  velocity  of  escape.  We  have 
seen  that  the  solar  prominenoe  of  September  8,  1948  had  attained  a  verti¬ 
cal  velocity  of  250  kms/sao  by  18^15°.  Thus  it  would  seem  that  the  like¬ 
lihood  that  any  portion  of  it  completely  escaped  solar  gravity  and  re¬ 
ceded  into  space  is  a  alight  one,  at  least  in  so  far  as  visible  material 
is  concerned.  It  is  gensrelly  felt  that,  although  eruptive  prominences 
go  far  out  into  coronal  space,  they  disintegrate  there  and  their  atoms 
eventually  return  to  the  sun. 

It  is  noteworthy  that  the  resulte  of  our  measurements  apparently 

7 

give  no  evidence  in  support  of  the  laws  of  prominence  motion.  This  is 
particularly  noticeable  in  the  case  of  the  second  lavj  and  it  wee,  to  a 
large  axtent,  for  the  purpose  of  testing  this  law  that  the  velocities 
were  measured  graphically,  in  order  that  they  conform  as  nearly  as  pos¬ 
sible  to  the  observed  motion. 

At  this  writing,  there  are  under  construction  new  coronagraphs  to 
be  used  at  che  High  Altitude  Observatory,  Climax,  Colorado  and  the  Upper 
Air  Research  Observatory  of  USAF  at  Sacramento  Peak,  New  Muxico  (soon  to 

7.  Originally  formulated  by  Edison  Pettit,  the  laws  are  ee  follows j 
1st  lewj  Prominence  motion  is  uniform,  increasing  suddenly  at  intervals 
2nd  lavj  Successive  velocities  are  small  whole  number  multiples  of  the 
preceding  (or  second  preceding).  See  literature  consulted  (20),  (21), 
(22). 


be  put  Into  operation).  The  difficulty  involved  in  the  centering  of 
the  occulting  diak  ha*  boon  eliminated  in  thaao  nov  instrument*  and  they 
viU  undoubtedly  supply  us  with  soma  vary  aeourate  meaeuremsnts.  The 
method  of  envelope  treeing  Should  yield  some  interesting  results  in  the 

7.:  ..  .  "  ‘  ' 

not  too  distant  future. 
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APPENDIX  A 

THE  HELIOQRAPHZC  COORDINATE  SYSTEM  AND  THE  LOCATION  OF  THE  SUNSPOTS 
"  AND  SOLAR  PROMINENCE.  OF'  SEPTEMBER  8,  1948 

Th*  haliographio  coordinate  system,  devised  by  .Carrington®  In  1863 
describes  th*  sun's  position  at  any  data  by  naans  of  thraa  ooordinatas 
vhioh  art  dafinad  as  follows s 

P  *  th*  position  angla  of  tha  axis  of  rotation  measured  positively 
eastward  from  the  north  point  of  the  disk. 

B0  ■  the  hellographio  latitude  of  tha  center  of  tha  disk. 

LQ  -  tha  heliographio  longitude  of  tha  canter  of  tha  disk  reckoned 
from  tha  solar  meridian  positively  to  tha  vast. 

Solar  meridian  =  that  longitudinal  line  vhloh  passed  through  tha 
ascending  node  of  th*  sun's  equator  on  th*  ecliptic,  January  1,  1854. 

From  tha  U.  3.  Naval  Observatory  Circular  6,  December  19,  1949» 
page  8,  ve  obtain  th*  following  tabular  data: 


Mount  Wilson  No. 

Date 

Let. 

Difference 
in  Long  ■ 

Distance 

from 

Center 

Area 

Spot 

Count 

N-O-F  9395 

Sept  9.633 

-24 

-65 

1 

N-O-F  9400  (a) 

Sept  15.640 

-  2 

-27 

388 

2 

9400  (b) 

Sept  15.640 

-6 

-27 

-34 

97 

8,  Richard  Christopher  Carrington  (1826-1875),  English  astronomer,  see 
American  Ephamaris  and  Nautical  Almanac  (2)  and  the  Encyclopedia  Britan- 
nica,  Volume  IV,  1952, 

9.  Measured  from  the  central  meridian. 


And  fro*  tho  Publications  of  the  Astronomical  Society  of  tho  Pacific, 
December  1948,  Vol.  60,  No.  357,  p.  389t 
Sept,  14.4 


No.  9395 

| 

lot.  -23 

first  soon  Sopt.  8 

lfd 

No.  9400 

lat.  -26 

first  aeon  Sopt.  10 

Ifrl 

Furthermore,  wo  know  that  tho  "pooition  angle"  of  tho  prominonoo 
origin,  which  i>  dofinod  aa  tho  anglo  subtended  by  o  vortical  lino  and 
a  lino  through  tho  proainonoo,  intersecting  tho  vortioal  in  tho  eonter 
of  tho  disk  and  aoaturod  positively  in  a  countor  clockwise  direction,  ia 
150°.  From  tho  Amerioan  Ephemorls  and  Nautical  Aluanao  (2),  wo  find  for 
Sopt.  8,  1948 i  L0  *  58.29° 

B0  *  7.25° 

P  ■  22.78° 

From  figuro  14,  which  dopicta  graphically  tho  pooition  of  tho  oun 
on  Sopt.  8,  1948,  and  using  the  above  values  of  tho  coordinates,  we  see 
that  solut.ton  of  the  opherical  triangle  ABC  for  side  x  will  enable  us 
to  find  tho  holiographic  latitude  of  the  prominence.  By  the  law  of  co¬ 
sines,  wo  have i 

ooa  x  =  doa(82.75)cos(90)  ♦  ein<90)sin(82,75)coa(127.22)  =  -.602 
x  *  cos*-l{-,602)  *  -127° 

Hence,  the  heliographic  latitude  of  our  origin  is  -37°.  Solar  longitude 
is  measured  poaitivoly  to  tho  vest  and  hence  tho  holiographic  longitude 
of  the  limb  and  thus  of  the  prominonoo  is  270°  ♦  Lq  a  270°  ♦  58.29°  = 
328.29°  or  about  328°  for  Sopt.  8,  1948. 
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Figure  14.  Illustrating  Carrington'*  coordinates  and  the  spherical  tri¬ 
angle  procedure  uaed  in  finding  the  latitude  of  tha  solar  prominence. 

D  =  150° |  F  «  150°-P|  P  »  22.78°,  B0  *  7.25°,  arc  AC  *  90°  -  Bft,  arc  BC 
■  90°,  0 
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On  Sept.  15.640,  we  find  Mount  Wilson  No.  9400s  was  6°  asst  of  the 
central  meridian  with  a  latituds  of  -27°,  but  tha  time  of  measurement 
was  about  Sept.  8.83.  Tha  sun  rotatas  on  its  axis  at  a  rata  of  approxi¬ 
mately  ona  revolution  in  25.36  days  or  about  14*197°  par  day.  However, 
dua  to  tha  wall  known  Equatorial  deceleration"  of  solar  rotation,  sun¬ 
spots  naar  tha  35th  parallal  hava  a  diurnal  rotation  of  approximately 
13.51°.  Calculating  from  this,  va  find  on  Sapt.  8.83,  No.  9400a  was  at 
-2°  »"  88°  or  at  -90°  (on  tha  aastam  liab^.  No.  9400b  was  at  -6°  -88° 
or  at  -94°  (bahind  tha  limb),  and  No.  9395  was  at  -65°  -13°  *  78°  (or 
on  tho  disk  12°  from  tha  limb). 

Ft  cm  tha  graph,  wa  find  tha  aoutharn-most  sxtr amity  of  tha  arch  at 
-65  mm.  from  tha  origin  or  at  -91.0  x  1CP  kms.  solar  diatanoa,  which 
corrasponds  to  approximately  7.5°  of  aro  to  tha  south  of  tha  origin. 

This  would  placa  tha  southern  aroh  at  about  -44.5°  heliographic  latitude. 
Tha  northern-most  branch  of  tha  arch  meats  the  chromosphere  at  about 
120  mm.  or  167.3  x  103  kms.  solar  distance,  which  corresponds  to  14°  of 
arc  on  tha  limb  and  places  the  northern  extremity  at  approximately  -23° 
heliographic  latitude. 


10.  Compare  with  footnote  9)  i.a.,  these  angles  ere  not  heliographic 
longitude,  but  are  measured  from  tha  central  meridian. 


APPENDS  B 

CALCULATION  OF  THE  ANALYTICAL  EQUATION  OF  THE 
BEST  FIT  CURVE  FOR  THE  OBSERVED  POINTS  OF  FIGURE  7 
-  The  Least  Square*  Orthogonal  Polynomial  method  of  curve  fitting  aa 
adapted  fay  Raymond  T.  Birge  and  J.  V.  Weinberg  is,  for  the  purpoie  of 
illustration!  applied  here  to  the  points  reprssenting  the  measurements 
of  the  height  (y  coordinate)  at  equally  spaced  intervale  of  time  along 
the  ordinate  x  =  0,  The  following  table  presents  the  measured  y  coordi¬ 
nate*!  reading  successively  downward  in  the  'i-%  column  and  upward  in  the 
Yq  column  in  that  order.  The  columns  headed  Yq-Y^  and  Yq+Lq  contain 
the  differences  and  sums  of  the  numbers  appearing  in  the  Yq  and  i-q  col¬ 
umns.  The  V's  are  "pair  factors"  of  a  system  of  orthogonal  polynomials 
and  are  given  in  the  Birge  tables  for  any  number  of  observations  up  to 
29.  The  row  labeled  contains  the  statistical  weights  of  the  coeffi¬ 
cients  bj  and  is  also  given  in  the  Birge  tables.  The  following  four 
rows  are  calculated  aa  Indicated  by  the  formulas.  The  row  labeled 
contains  the  sums  of  the  products  of  the  V's  and  the  columns  Yq-Lq  and 
YqkY*q  to  the  left  and  right  respectively,  Ir.  the  case  of  the  column 
headed  t  *  0,  the  value  of  is  simply  the  sum  of  the  numbers  in  that 
column. 


TABLE  GK  VALDES  TO  BE  IB®  IN  TOE  CALCULATION  OF  THE  EQUATION  OF  THE  BEST  FIT  CtKVE  FOB  THE 
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The  following  calculations  give  tho  successive  values  of  £v^  end 
represents  the  determination  of  the  degree  of  the  equation  to  be  used. 
Note  that  there  is  no  appreciable  change  in  the  value  of  £vf  after  the 
third  subtraction,  indicating  that  a  second  degree  equation  should  fit 
the  observed  points  very  nearly  as  well  as  a  third,  fourth,  or  fifth 
degree  equation.  Ihe  value  of  (£v* is  used  later  in  the  calculation 
of  the  probable  error. 

Z7g  m  440,376.27 
-^b*  =  350.900.00 
=  89,476.27 
3  „?4aA4fi*oo 
Xvf  3  5,028.27 

-N^  * 

£v*  =  3,113.94 

-N,bj  *  3.37 

s  3,110.57 
-«4h4  =  14.14 

Zvj  =  3,096.43 

-N,b*  =  _ ^0 

£>*  =  3,095.93 
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For  a  polynomial  7j  (t)  tha  coefficients  a^  aa  calculated 

by  tha  laaat  squares  method  of  Birga  and  Wainbarg  ara  given  by  a^j* 

Hara  tha  numbers  bt  ara  simply  thoaa  caloulatad  In  Table  X,  Tha 
ooaffioianta  H^ara  oaleulated  as  follovat  (Tha  values  of  3u,  aa  givan 
for  n  “29,  ara  auppliad  by  tha  Birga  tablaa. ) 

H0O*  Soo  *  1 

Hoi »  -S,,(m/h)**  -U 

H*t“  Sot+  SttCaA)1*  126 

Hj|  ■  S^/h  ■  1/60 

Hlt  ■  -S^am/h* )  «  -8/60 

H(t  “  3^h*  “  1/60 1 

Hanca,  corrected  to  graphical  scale,  the  coefficients  aret 
eol  =  36.0  x  1.39  x  103  =  5.00  x  lO^kma. 
a|t  =  it|0  x  1.39  x  103  x  60  =  3.89  x  103 
au  =  »1^x  1.39  x  103  x  602  =  181 

Thus  the  equation  of  the  best  fit  curve  through  the  points  of  figure  7 
ls»  y  •=  5.00  x  103  ♦  3.89  x  103t  ♦  181t^  (kma.  and  mine.) 

The  probable  error  of  the  coefficient#  is  given  byi 

yu/ryj* 

.h.r.i  L'Py  ,nd'  V  * 

The  values  of  H^,  Nt,  and %.vj  are  given  above.  Substituting  and 


carrying  out  tho  calculation*,  wo  findi 

rMs  38.5 

and  rtt  are  not  calculated  sine*  tha  position*  and  velocities  a*  pro- 
sontod  in  tho  tables  war*  both  measured  direotly  from  tho  graphs  and 
thair  probable  errors  wore  calculated  in  a  corresponding  manner. 


